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PREFACE. 



The Reader must not expect in this little 
book, an exhaustive treatise on Hydraulics; many 
such have been written, and they leave little 
or nothing to be desired. This work consists of 
a series of Rules and Tables, giving unusual 
facility for the solution of questions which occur 
in the daily practice of Engineers. 

For the two leading questions : the discharge 
of pipes, and of open channels, two sets of Tables 
are given, the reason for which may not be 
obvious ; but it is impossible to give Tables com- 
bining extreme facility and extreme accuracy for 
low heads, and the author has therefore given 
two Tables, one giving accurate results in all 
ordinary cases, with the least possible labour, and 
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the other, giving with more labour, exact results 
in extreme cases. 

For the most part, the Rules and Tables have 
been long used in an extensive practice, and 
the principal reason for publishing them, is the 
author's desire that the profession from which he 
has retired, may have the benefit of Tables, &c., 
which for many years, have been very useful to 
himself. 

Easedale, 
Gbasmere. 

July, 1867. 
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(1) The velocity with which water issues from the side of 
a vessel) as at A, Fig. 35, is the same as that of a hody 
falling freely by gravity from the height H, or the distance 
from the centre of the orifice to the surface of the water. 
This velocity is given by the rule 8 x V H = V, in which 
H is the head in feet, and V the velocity in feet per second. 

(2) But it has been found, by experiment, that the converging 
currents of water approaching the orifice (especially where that 
is made in a thin plate) cause a contraction in the issuing jet 
of water; so that, instead of a parallel je{;, it becomes a 
conical one, as shown by Fig. 4, which represents an orifice 
of 1 inch diameter in a thin plate. The diameter of the most 
contracted part of the jet is '784 of the diameter of the 
orifice, and its proportional area will therefore be •784*= -615, 
and it occurs at a distance of half an inch from the plate as 
shown. The part from B to C may be taken as a curve, 
with a radius of 1*22 times the diameter of the orifice in the 
plate. The formula 8x V5=V gives the velocity of dis- 
charge at the point of greatest contraction, and the quantity 
of water discharged must be calculated for the reduced area 
at that point; but we may calculate the discharge more 
directly by the following rule : VH xd*x 16-3=G, in which 

H = the head on the centre of orifice in feet. 

d = diameter of the orifice in inches. 

G = gallons discharged per minute. 
Thus, for the discharge of an orifice 3 inches diameter, in a 
thin plate, and with ahead of 16 feet, we have, ^^16 x 3« X 16*3, 
or 4 X 9 X 16*3 = 586 gallons, with no contraction of vein ; 
but with a thin plate as in Fig. 4, this is reduced to 
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HYDRAULICS. 3 

586 X -616 = 360 gallons per minute. The following 
Table No. I, gives the theoretical discharge, calculated by 
the foregoing rule. It may be easily applied to cases beyond 
its own limit, for the discharge is proportional to the square 
root of the head and to the square of the diameter ; so that 
discharges in the ratio 1, 2, 3, 4, &c., will be given by heads 
in the ratio 1', 2% 3', &c., or 1, 4, 9, 16, &c. Thus the 
discharge of a 3-inch orifice with 16 feet head, which we 
found to be 360 gallons, may be found by table ; for the 
discharge with 16 feet head will be Vl6 = 4 times the 
discharge with 1 foot head, which latter by table is 146 
gallons ; therefore the discharge would be 146 x 4 x '615 
= 360 gallons as before. 

(3) When the aperture is of considerable thickness, or has 
the form of a short tube, not less in length than twice the 
diameter of the orifice, the contraction is less, and the 
discharge greater, than by a thin plate. This case is shown 
by Fig. 5. Here, for a tube 1 inch diameter, the most 
contracted part is '9 inch diameter, and its proportional area 
is '9' = '81 This is a case that often occurs in practice ; 
such, for instance, as where an outlet pipe is taken through 
the side of a reservoir, as in Fig 36. Table 11. gives the head 
necessary for short tubes, like Fig. 5, discharging different 
quantities of water. Thus a 7-inch pipe, with 450 gallons, 
would require 6 inch head to generate the velocity, and this 
is irrespective of friction, which, in fact, for so short a tube, 
would be practically nothing. 

(4) Friction of Long Pipes, — When a pipe discharging 
water is of considerable length, there is a loss of head, due 
simply to the friction of the water against the side of the 
pipe, so that in all cases the head consumed may be con- 
sidered as composed of two portions : one, the amount due to 
the velocity of entry irrespective of friction ; and the other, 
the amount due to friction alone irrespective of the amount 
due to velocity, llius, in Fig. 6, the head h gives a certain 
velocity of discharge by the short pipe A ; but to give the 
same velocity in the long main B 0, the head H* is necessary, 
of which h} is consumed in generating the velocity of entry, 
same as in A, and H, in the friction of the long pipe, and the 
total head is of course the sum of the two. 

(6) The loss of head by frktwu mKj \i^ ^<sv3i^\fe^\n *^^ 
following rnlea, in, which 
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HYDRAULICS. 5 

d = diameter of pipe in inches. 
L = length in yards. 
H = head in feet. 
G = gallons per minute. 
(8d)' X H _ 

L -^• 
G' X L _ „ 
(3rf)» -^- 

Tliese rules can be worked only by logarithms, but the friction 
being simply proportional to the length, we have calculated 
Table III., by which any problem in the friction of water-mains 
may be solved by multiplication or division. 

(G) 1st. Having G, L, and d given, to find H. In tho 
table opposite the given number of gallons, and under tho 
given diameter, is found the head duo to a length of ono 
yard, and multiplying that number by the given length in 
yards, the product is the required head of water in feet. 
Thus, the head to deliver 250 gallons per minute by an 8-in. 
pipe 7000 yards long, will be -00785 x 7000 = 54-95 feet. 

(7) 2nd. To find dj having H, L, and G given. Divide 

the given head by the given length, and the nearest number 

thereto in the table opposite the given number of gallons 

will be found under tho required diameter. Thus, the 

diameter for 320 gallons, 20 ft. head and 1600 yards long, 

20 
Y^TTTT = -0125, the nearest number to which in tho table 

(0128614) is found under 8 inches, the diameter sought. In 
most cases the tabular number will not be the exact ono 
desired, which will only show that the true diameter is an 
odd size, between the standard ones in the table. But by 
tho former rule (6) this can easily be checked. Thus in our 
case the true head for 8-inch pipe would be -0128614 x 1600 
= 20-578 feet, instead of 20 feet ; but of course 8 inchea 
is near enough in most cases. 

(8) 3rd. To find G, having H, L, and d given. Divide 
the given head by the given length, and the nearest number 
thereto in the table, under the given diameter^ ni^3i \^^ V^nss^ 
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opposite the required number of gallons. Thus to find the 

discharge of a 10-inch pipe 3000 yards long, with 40 feet 

40 
head, we have o7j7w^= '01333; and looking for this under 

10-inch diameter, we find the nearest to be -01384, opposite 
580 gallons, the discharge sought. 

(9) 4th. To find L, having H, G, and d given. Divide 

the given head, by the head for one yard, found in the table 

under the given diameter, and opposite the given number of 

gallons, and the result is the required length. Thus to 

determine the length of 4-inch main to consume 12 feet 

head with 130 gallons per minute, we find imder 4-inch, and 

opposite 130 gallons, -067921 the head for one yard, and 

12 
,QgyQ2j. =176 yards, the length sought. 

(10) To avoid a needless extension of the table, we have 

given only the principal numbers from 1 to 90 gallons, and 

from 1000 to 100,000 gallons, leaving the blanks to be supplied 

from the general body of the table. It will be observed that 

the head ]^r 1 gallon, 10 gallons, 100 gallons, are the same, 

except for the position of the decimal place, which the skeleton 

table will fix correctly. Thus to find the discharge of 3-inch 

17 
pipe 800 yards long with 17 feet head, we have grrg -02125, 

which, by skeleton table, is somewhere between 30 and 40 
gallons. Now, looking in the body of the table for the same 
figures (neglecting the position of the decimal place), we find 
the nearest to be 219622, opposite 360 gallons ; 36 gallons is 
therefore the true discharge. Again, say we required tiie 
head for 3800 gallons by a 15-inch pipe 1400 yards long. 
3800 gallons is not found in the table, but 380 gallons is, 
and taking out the multiplier for that, and checking the 
decimal place by the nearest number (4000) in the skeleton 
table, we get -0782532 x 1400 = 109*55 feet head, &c. 

(11) The illustration 3rd (8) to find G may be extended, 

so as to give a general view of ^e discharge of different sized 

pipes, with the same length and head. Thus we found the 

tabular number for 3000 yards long and 40 feet head to be 

40 
QQQ^ = '01333, and looking for this successively under 

{Merent diameters^ we find that 



HYDRikULICS. 



A 6-inch pipe discharges 160 gallons per minute. 

7 ,» if 235 „ „ 

8 11 If 330 „ „ 

*^ 11 If *^^ If 11 

10 „ „ 580 „ 

12 „ „ 900 „ „ &c. 

(12) To the head found by the preceding rules, that due to 
the velocity of entry, as given by Table II., has in all cases to 
be added ; but for long pipes this is so small in proportion 
to the head due to friction, that it may in many cases be 
neglected. Thus we found that the friction of an 8-inch pipe, 
7000 yards long, with 250 gallons, was 54*95 feet; by 
Table II. it will be seen that the head due to the velocity is a 
little more than one inch, so that in such a case it may be 
neglected. But where a pipe is short, the head due to 
velocity may be mudi greater than that due to friction, and 
the most serious errors may be made by neglecting it. Say 
we had an 18-inch pipe 20 yards long, discharging 3000 
gallons. By Table III. the friction is -0196 x 20 = -392 feet, 
and the head due to velocity by Table II. is 6 inches, or 
'5 foot, being more than that due to friction; so that the 
totalTiead is •892+-5 = -892 feet. Table II. gives the utmost 
facility for making these calculations of head due to velocity, 
which should never be overlooked in cases where the pipe is 
short. 

(13) Bends, — There is another source of loss of head in 
pipes— namely, change of direction, or bends. The best 
formula for calculating this loss is that of Wdsbach : — 

H = 4x{.m + 1.847(i)*}.J. 

In which H = the head due to change of direction. 
r = the radius of the bore of the pipe. 
R = the radius of the centre line of the bend. 
V = the velocity of discharge, in feet per second. 
(j) = the angle, in degrees. 
Table IV. gives by inspection the loss of head by bends of 
ordinary radius, such as are usually met with in practice. 
This may vary a little with different makers, but not so much 
as to affect the result seriously. Fig. 8 gives the proportion 
of the 8-inch bend as an illustration. But frequently much 
quicker bends than these have to be used in s^ec\aL CASifoiik^Kc^ 
to meet such cases some foTmdexa mik^ c^^^Xi^CL^^^ <i^ '^'^ 
proportions given in Table lY., ani ^o\ni\y3^^^%-^>''^^^^^^ 
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illastrates the proportions of a quick 5-inoh bend. The 
formula used for calculating the table is a modification of 
that of Weisbach : — 

y,^ 2jrH 

^^x {.131 + 1.847 (jyj 

If the whole be taken in feet, then 2^ = 64; but it is 
perhaps most conyenient to take H in inches and Y in feet, 
in which case 2g = 5*333. This table requires little expla- 
nation; but it will be seen that an ordinary 8-inch bend 
with 18-inch radius consumes 3-inch head when passing 
1970 gallons per minute ; but a quick 8-inch bend with 
6-inch radius consumes 12-inch head with the same quantity. 
Again, in a 4-inch pipe carrying 100 gallons, each ordinary 
bend causes a loss of ^ih. inch of head, but a quick bend 
loses :Jth inch. The table is arranged for bends of 90°, or 
quarter bends, as they are technically named, but is applicable 
for any other angle. The loss of head is simply proportional 
to the angle. Thus a half-quarter bend of 45°, or one- 
eighth part of a circle, consumes half the head of a bend of 
90° ; and a bend of 180°, or half a circle, takes double. 

(14) When a long main is composed of pipes of dififerent sizes, 
as is very frequently the case, the head for each must be 
separately calculated, and the sum total taken. Thus, if we 
required 300 gallons per minute through a main 1200 yards 
long, composed of 800 yards of 7-inch, 300 yards of 6-inch, 
and 100 yards of 5-inch pipe, the head would be^ 
By Table III. Length. 

300 gallons 7-inch = "022 x 800 = 17-6 feet head. 
„ 6 „ = .0476 X 300 = 14-28 . „ 

5 „ = .1185 X 100 = 11-85 



43-73 feet total. 
If there were bends in the pipes, we must add the head for 
them from Table IV. Say we had 
4 common bends in 7 inch each ^-inch head = i inch. 

91 i ii ~ •'■; r n 

» i • » ~ It »> 

19 4 11 ~-*^'2 11 

11 i 11 =2 ,, 
11 la ^^ "'^^ » 



3 quick „ 


7 


2 common „ 


6 


2 quick „ 
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Thus, even for such a large number of bends, the loss of head 
is only 10^ inches, or -875 of a foot ; so that the total head 
is 43-73 + -875^ = 44-605 feet. 

(15) When with such a series of pipes the head is given, 
and the discharge has to be detei-mined, the case does not 
admit of a direct solution; but we must apply a useful 
general law, which may be stated as follows : — " The dis- 
charge through any pipe, or series of pipes, is nearly pro- 
portional to the square root of the head ;" and this is true in 
a pipe with bends, jets, contractions, &c. Say we required 
the discharge with 30 feet head, by a main 2100 yards long, 
composed of 1200 yards of 8-inch pipe with four common 
bends, 700 yards of 6 -inch pipe and three bends, and 200 
yards of 5 -inch pipe with two common and two quick bends. 
The first thing to be done is to assume a discharge, and 
calculate the head for it, as was done in the last example. 
It is unimportant whether the assumed quantity is near the 
true discharge or not, or whether it is too much or too little. 
Say in our case we take it at 400 gallons. Then 

B7 Table III. Length. Feet 

400 gallons 8-inch pipe = -02 x 1200 = 24-0 head. 
„ 6 „ = -085 X 700 = 59-5 „ 

5 „ = -21 X 100 = 21-0 „ 

104-5 
In. In. Bends. In. 

4 common bends 8 each i x 4 = i head. 
3 „ 6 „ i X 3 = l| „ 

'2 „ 5 „ I X 2 = li „ 

2 quick „ 5 „ 3 x 2 = 6 „ 

9 J = -8 foot. 

Total 105-3 head. 

Thus we find that for 400 gallons we require 105*3 feet 
head instead of 30 feet, the head given ; tiien by the rule 

(15) :^^^^, or 5^47x400^ 213 gaUons. the real 

V 105-3 ^^'^^ 

discharge sought. Further illustrations of this subject will 
be found in the chapter on Fountains. 
("J6^ The contour of the section oi \iie Aisv^ oi Y^^^«^ ^ «^ 
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matter of some importance. The best condition, when the 
pipe is of uniform diameter from end to end, is of course a 
uniform slope throughout. This, however, can rarely be 
obtained, the pipe having to follow the contour of the ground, 
as in Fig. 28. If a number of open topped pipes were 
inserted anywhere along the main, as at A, 6, C, D, &c. &c., 
the water would rise in them to the level of the oblique line 
J K, which, in the case of a pipe of the same bore from end 
to end, would be a straight line, as shown. This line is 
termed the hydraulic mean gradient. 

(17) When, as in Fig. 30, the pipes are of different dia- 
meters, then each would have its own gradient, showing at 
every point the loss of head due to that particular pipe as in 
the figure. No loss of effect will arise from the pipe following 
the section of the ground, so long as the contour of the pipe 
does not anywhere along the line, rise above the hydraulic mean 
gradient, except, indeed, a slight loss from the increase of 
length due to the departure from the straight line. Thus, in 
Fig. 28, where the ground is much broken, but does not 
anywhere rise above fiie gradient, the discharge will be the 
same as by a pipe of uniform slope. 

(18) But if, as in Fig. 29, a hill as at B rises higher than 
the gradient, then the pipe from C to D will be in a state of 
partial vacuum, air will be given out by the water and will 
accumulate at the summit, and being driven forward by 
the water from C to B, will remain permanently in the pipe 
from B to G, occupying the upper part of the pipe, while 
the water trickles down the . lower half of the pipe as' in 
a trough or channel, and the vertical head from B to G 
is lost, the hydraulic gradient being now from A to B, 
from B to G, and from G to F, this last being parallel to 
that from A to B, or at the same angle with the horizon. 
The discharge at F will therefore be, not the amount due to 
the head E F on the length A F, but that due to the head 
E B on the length A B. 

(19) In this case the pipe from A to B should be of large 
diameter, so as to deliver at B the required quantity with 
the head E B ; and the pipe from B to F may be of smaller 
diameter, so as to deliver the same quantity at F with the head 
H F. Say we take a case with the length A F = 5000 yards, 
the head E F 90 feet; and that tli^i W^V k.^ ^^^S^^ 
yards and the head E B 10 feet, axi^ \\i«i\. t>^^ ^'aSiss^^ ^^^^ 
required ^t F. With unifona Blo^^e yi^ ^\xo\i^\\iw^ x^o^^^ 
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= 018. which by Table 111 = a 9-inch pipe or rather less, 
5000 ^ ^ ^ 

for a 9-incli pipe would deliver 500 gallons with -017425 x 
5000 = 87-125 feet. But the deliveiy at B with 10-feet head 

Irith a 9-inch pipe would beg-j^ = -004167, by table = 24g 

gallons only instead of 500 ; and of course this is all we 
should get at F with such an an-angement. The pipe from 

A to B should be 2j^ = -004167, by Table III. a 12-inch 

80 
pipe; and the pipe from B to F may be ^gQQ= -03077= an 

8-inch pipe by table. We may check these results thus : — 
By Table III. Length. Head. 
12-inch pipe, 500 gall. = -00413 x 2400 = 9*912 feet. 
8 „ 500 „ = 0314 X 2600 = 81-64 „ 



91-552 
Thus we find the exact head to be a little more than the head 
at disposal, but in most cases the agreement is near enough. 
(20) When a long main is composed of difierent sizes of 
pipes, and passes over uneven ground, the best course is to 
draw the gradients on the section of the pipes, so as to see at 
a glance that none of the hill-tops rise above them. Fig. 30 
is a case in which, with a fall of 240 feet, we have a 10-inch 
main 4000 yards long ; an 8-inch main 3000 yards ; and a 
6-inch main 2000 yards long. To divide the given fall in 
the proper proportion between the different pipes, and so find 
the gradients, let us assume that 100 gallons are delivered at 
D; then 

By Table. Length. 
100 gall. 10-inch = -000411 x 4000 = 1-644 feet head. 
„ 8 „ =-001256x3000= 3*768 „ 

6 „ =-005292x2000 = 10-584 



15*996 total head. 
Then 

^^'St?o!Sl=15-«9«=240:: 1-644: 24-678 

FC „ 8 „ =15-996:240:: 3-76 : 56-443 
OD J, 6 „ =15*996 -.240:: 10-584: 158-879 



HYDRAULICS. 13 

We can now draw tlie gradients on the section as in Fig. 80, 
and then, if the contour of the ground is below them through- 
out, all is well.* The discharge at D may be calculated from 

56*443 
any one of the pipes : say we take the 8-inch ; then qqqq 

= -01884 = about 386 gallons by Table III. 

(21) There are many questions for the solution of which 

no general rules can be given — ^they require reasoning with 

the assistance of rules. The following cases may bo useful; 

Say we require in Fig. 34, 50 gallons at B and 100 gallons 

at A, and have to determine the sizes of the mains. If 

we assume 3 inches for E, the head will be *04235 x 160 

= 6-776 feet; so that the pressure at will be 18^10 

4-6-776= 14-776 feet; therefore the head above A on the 

pipe F will be 25— 18+14-776=21-776, and the necessary 

21-776 
pipe with that head will be 050 ='0871 = a 3i-inch pipe 

by Table III. The pipe D has to carry 150 gallons with 

3.944 
3-224 feet head (18—14-776), and we have -g^ = -010814 

= 6 inch pipe by table. 

(22) Take another case shown by Fig. 33, and say that we 
required the head at D to deliver 600 gallons at E by the 
double pipes, and also to find what proportion of the 600 
gallons passes by the two branches A B and A B. Let us 
assume that the pipe A C B carries 100 gallons; then the 
head at A for that quantity would be — 

Head. 
100 gall. 12-inch pipe = -00016538 x 1100 = -181918 feet. 
„ 9 „ =-000697 X 800 = -557600 „ 



•739518 „ 
and with that head at A the pipe A B would at the same 

•7395I8 
time deliver Qg^ = -000778 = 79 gallons by table ; so 

that the two sets of pipes deliver at B 179 gallons with a 
head of -739518 feet, and therefore (15) to deliver the 600 

gallons required would take j=Qi = 8*3 feet. The 

12-inch pipe from D to A would require for 600 ^laXkpcss. 
0595 X 1100 = 6-545 feet head, wi^ t\i^ ^-ym3j\ ^toajL^Xa^ 

^ «^® prfDcfpIe of this method of calctaattiMt «b wt\ft% 0I tp*^«6^» ^a ^>»» ^» 
a R AmoB, Esq., ot The GroTe, Southwwk. 
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•025092 X 400= 10037 feet, and the total head at D will be 

6-545+8-3+10-037 = 24:-882 feet. The pipe A C B will 

600x100 „„^ „ ^ XI XI. . A -o 

carry — r=q — = 336 gallons. Consequently the pipe A 13 

will take the rest, or 264 gallons. 

(23) Table III. gives the greatest possible facility for the 

calculation of pipe questions, as may be seen in the examples 

we have given, and for all ordinary cases the results are 

coiTect; but for very small velocities with low heads, say 

imder one foot, experiment has shown that the discharges arc 

less than that table would give, and for such cases Prony's 

more difficult and laborious rule seems to give the most 

correct result. Table V. has been calculated by the following 

.... .. ^ , 1 (V+-0816)'— -00665 ^ ^ 

modification of Prony's rule: ^^ — ■ — 29^^24 =-^ S> 

in which V=the velocity of discharge in feet per second, D 

TT 

the diameter of the pipe in inches, and S = the slope, or -j-> 

H being the head and L the length, both in the same terms, 
which for very small heads may be most conveniently in 
inches. Table V. is only calculated for small velocities, 
because the Table III. gives the same results at moderate 
velocities, and is much more facile in application. We have 
added opposite each velocity the corresponding discharge of 
different-sized pipes, from l^-inches to 24-inches diameter, 
so as to abridge the labour as much as possible. 

(24) 1st. To find the head, having G, L, and d given. 
In Table V., under the given diameter, find the nearest 
number of gallons, and take from column 1 the number 
opposite to it, which, multiplied by the length in inches, and 
divided by the diameter of the pipe in inches, will give the 
required head in inches. 2nd. To find the discharge, having 
L, H, and d given. Multiply the given head in feet by the 
diameter in inches, and divide by the length in feet, and find 
the nearest number thereto in column 1. Then opposite to 
that, and under the given diameter, is found the discharge in 
gallons per minute. 

(25) Let us take an extreme case. Say we require the head 
for a 10-inch pipe 1000 yards long, discharging 20 gallons per 
minute. The nearest number under 10 inches diameter is 
20-45 gallons, opposite which, in co\\^am.\/\^iQ^x\A-^^^-^^^^ 
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which, multiplied by the length in inches (36000), and divided 

by the diameter of the pipe also in inches, will giye the head 

• • 1. XT. -0001341x36000 ,,^ . , 

m mches, thus: ^ =-482mches. We may 

compare this with Table III., by which the head comes out 
•00001646x1000= -01646 feet, or -19752 inches only; so 
that in this extreme case' Prony's rule gives nearly 2^ times 
the head by Table III. But in ordinary cases the two tables 
give nearly the same result. Thus, say we have a 6-inch 

pipe, 2000 yards long, with 10 feet head; then — j-— is in 

that case 2000x3 "^^^^ *^® nearest number to which in 
Table V. is -010407 or -009694, opposite to which, under 
6 inches diameter, are respectively 99*4 and 95*7 gallons, the 
mean of which may be taken in this case at 97*5 gallons. Now, by 

Table HI. the discharge is ^^ = '005, which maybe estimated 

at 97*5 gallons also, so that the two tables in this case give 
the same result. If, however, we calculate the discharge of 
the same pipe with a very small head, say 6 inches, we have 
, -n. , ,, ^Hxd 6x6 ^^^^ ,., 
by Prony's table V. — j— or 79000 ~ '^^^^> which may be 

taken at 17i gallons ; but by Table III. the discharge will be 

-5 
qttj^= -00025 = 21*8 gallons, so that in this case the difference 

is considerable ; in most cases. Table III. is correct enough 
for practice, with heads over 1 or 2 feet. 

Fountains, — (26) When water issues from a jet as at J, Fig. 
16, it should theoretically attain the height of the head, and h 
should be equal to H ; but it has been found by experiment 
that the height of the jet is always less than the head — a loss 
arising from the resistance of the air. The difference, or h\ 
increases with the absolute height of the jet, and becomes less 
with increase in the diameter. There are very few reliable 
experiments on this subject, and the laws indicated by those 
we have are very intricate. The best experiments we have are 
those of Weisbach, with jets f and |-inch diameter. The 
results are given by Table VI. ; and from these and some other 
experiments we find that h} increases nearly m t\jka ^^^a <^^ 
the sguare of the height of the ^et, so \)EiaX» Si "^^ ^^X*"^^ 

c 
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saooessiye heights given hy experiment as in Fig, 17, we 
obtain a cmre which approximates to a parabola; thus for a 
^-inch jet as in the Figure, with 160 feet head, the jet would 
haye attained the height B, or 160 feet, if Ihere had been no 
resistance from the air ; but it is found by experiment that it 
ci^7 reaches 80 feet as at D, therefore A^=80 feet is lost. 
Again, with 80 feet head, the jet would have reached C=80 
feet ; but the experimental height is 60 &et, and in this case 
tf =20 feet. 

(27) If we do this for different diameters of jets, we 
shall find that, with the same head, h^ varies nearly in inv^nse 
ratio to the diameter ; for instance, we have seen that with 
80 feet head on a ^-inch jet 20 feet is lost. Then for a 
Jet 1 inch diameter the loss would be about 10 feet, and the 
height attained 70 feet ; but with a J-inch jet the loss would 
be about 40 feet, and the height attired 40 feet^ and thus we 
have the elements for calculating the loss for any case, not 
perfectly agreeing, perhaps, with the true law, but the best 
approximation we can obtain. This is a subject on which 
more experimental information is very desirable. Table VII. 
gives the height otjets with different heads, and is calculated 

by the rule h} = -^ x -0125, in which h} is the difference 

between the height of the jet and that of the head upon it, 
H = the head on the jet, and d = the diameter of the jet in 
^ths of an inch. 

(28) It will be found by the foregoing rule that each 
particular size of jet attains its maximum height with a 
certain head, and that if the head is increased beyond that 
point, the height of the jet is not increased thereby, but is 
actually diminished. This appears paradoxical ; but an ex- 
cessive head breaks the jet into spray, and it meets with more 
resistance than a jet of solid water issuing with a moderate 
head. Some experiments with excessive heads show an 
enormous loss. A jet, 1 inch diameter, with 427 feet head, 
reached a height of about 109 feet, as measured by a 
theodolite. Our rule gives the loss h^ at 285 feet, and hence 
the height of jet 427—285 = 142 feet. The error of 33 feet 
is considerable, but perhaps not more than might be expected 
for such an extreme case. Our table shows that this same 
fij!se of jet would have attained a height of 160 feet with 

SOO feet bead ; so that, with an mcteaa^ oi \i^«A,^^ obtain 
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a less height of jet A jet 1^ inch diaxEeter attained a 
height of 144 feet with 300 feet head ; onr table gives 
187 feet. A jet 1^ inch diameter reached a height of 154 
feet with 185 feet head; onr table gives 146 feet. 





Table VUL 




A. 


B. 


C. 


D. 


iinch 


*45inch 


-6 inch 


'3 inch 


^ 


•67 


•9 


•45 


JL 


•90 


1-2 


•6 


; ■ 


112 


1-5 


•75 


1-35 


1-8 


•9 


r 


1-80 


2-4 


1-2 


n 


2-25 


3-0 


1-5 


H 
1 


2-70 


3-6 


1-8 


3-15 


4-2 


21 


2 


3-6 


4-8 


2-4 


H 


4-0 


5-4 


2-7 


H 
2 


4*5 


6-0 


30 


4-9 


6-6 


3-3 


3 


6-4 


7-2 


3-6 



(29) The quantity of water discharged may be calculated 
from the Telocity found by the formula VHx8 = V(l), or 

more directly by V Hx d* x -2547 = G, in which H=the 
head on the jet in feet, d the diameter in |^ths of an inch, and 
G= gallons discharged per minute. But this quantity is 
never fully realised in practice, except d be taken to represent 
the diameter of the contracted vein (3), or otherwise that the 
jet nozzle has the form of the vena-contracta. 

(30) The form of nozzle is a matter of importance, not only 
as affecting the quantity discharged, but also the solidity of the 
issuing column of water. ¥ig. 2 5 shows the best form of nozzle, 
the lip at E, projecting beyond the mouth, is intended to protect 
the bore from indentation by accident, &c. Table VIII. gives 
the general proportions for different sizes. The discharge by 
such nozzles is about *943, the theoretical being 1*0, and may 
be found direct by the formula VH x <? x '24= G^ and b^ tX^ 
rule we hare calculated Table IX, 

o2 
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(31) When a jet is placed at the end of a pipe, or series 
of pipes, as is nsuaUy the case, calculation must be 
made of the loss of head by friction in such pipes, so 
as to obtain the actual head on the jet^ for which alone 
the rules and tables apply. Say, for illustration, we take 
the case shown by Fig. 1 of a jet 1 inch diameter, 70 feet 
high, at the end of a main 6 inch, 5 inch, and 4 inch 
diameter of the lengths given, and that we have to calculate the 
head necessary. Table YII. shows that a jet 1-inch diameter, 
70 feet high, requires 80 feet head ; and Table IX. gives the 
discharge of the same jet, with 80 feet head, at 137 gallons 
per minute. Then by Table III. we calculate the friction of 
the main, and we have the following results : — 

Head to play 1-inch jet 70 feet high . . 80-00 feet 
Friction 6-inch main, say 140 galls. = -01037 X 600 = 6-22 „ 
„ 5 „ „ -0258 X 300=7-74 „ 

„ 4 „ „ -0788 X 100 = 7.88 „ 



101-84 feet 

(32) In other cases we may have the head and diameter 
of pipes and jet given, and have to determine the discharge. 
This case is illustrated by Fig. 2, and we must follow the 
course indicated in (15). Say we assume the discharge at 
300 gallons, Table IX. shows that for that quantity a jet 
1 J inch diameter will require about 75 feet head. Then by 
Table III. we find the friction of the main as follows : — 

Head to play Ij-inch jet 300 gallons . . 75*00 feet 

Friction 7-inch main 300 gallons= -022 X 800 = 17-60 „ 

„ 6 „ „ -0476x400 = 19.04 „ 

„ 5 „ „ -1185 X 80 = 9-48 „ 



121-12 feet 
So that, for our assumed discharge of 300 gallons, we 
require only 121-12 feet instead of 150, the head at disposal. 
Then by the rule (15) the true discharge, with 150 feet, will 

, 300XN/150 _, .. 
be — =334 gallons. 

\/121-16 
(33) In another case we might require to find the diameter 
of one of the main pipes ; having all the rest given, say that 
we hare to £nd the diameter of the ^^i^e P, m "Pi^. ^. 
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Table VII. gives a head of 90 feet for 1 J-inch jet 80 feet 
high ; and Table IX. gives 227 gallons for the discharge. 
Then 1 J-inch jet 80 feet high • . . . 90*0 head. 
Friction of 6-inch main, -028 x 400 . . . 11-2 „ 

101-2 head. 
Leaving 115— 101*2 = 18-8 feet for the friction of the pipe 

13*8 
P, and 200"*^^^ P®' ^^^ (^)' wlAchj by Table m., is 
equal to a 5-inch pipe, with say 230 gallons, and this is the 
required diameter of P. 

(34) When the discharge takes place obliquely, or out of 
the perpendicular, the path of the jet is a parabola, and may 
be conveniently described by the method shown by Fig. 23, 
in which we have a jet discharging upward at an angle of 
45°, and with a head of 14 feet, which, by Table X., will give 
a velocity of 30 feet per second, or 3 feet per tenth of a 
second ; and if we mark a series of points ABC, &c., 3 
feet apart, they will show the position of a particle of water 
each tenth of a second if gravity does not act ; but of course 
gravity does act simultaneously, and Table XL gives the 
space fallen through each tenth of a second, which, being 
plotted on the perpendiculars drawn through each of the 
points ABC, &c., will give the true position of the particle 
at each tenth of a second. Thus, in ^ths of a second it 
would have arrived at C if uninfluenced by gravity, but the 
table shows that in that time a body falls 1 foot 5;^ inches, con-< 
sequently F is the true position at that moment, and so of the 
rest. The Figure gives the path for 2 seconds. The curve S T, 
Fig. 23, shows the path of a jet, with the same head and 
velocity, projected doumwards, at the same angle of 45°. 
Fig. 19 gives the path for a horizontal projection, and also 
illustrates another method of drawing the parabolic curve, 
which consists in dividing the total space fallen through J K 
into the same number of equal parts as the line H J, and 
drawing radial lines from the point H, as shown. The path 
of the jet is through the intersections of the radial lines with 
the perpendiculars, as shown. The two methods give the 
same result precisely, and may be used indifferently. 

(35) There are some general laws in parabolic paths of jets 
which it will be well to state distincftY, Yvj. 'ii^ ^^ ^'^ 
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plajing obliquely from a nozzle at J, and strikmg the horn 
zontal plane at G. 

(36) Ist. K the line of direction of the jet pipe be pro- 
longed, it cuts the axis of the parabola at a point, C, whose 
distance from the base is always double the height of the 
parabola, or N is equal to twice D N. This gives a useful 
mle for finding the proper angle of the jet pipe when the 
path of the jet has been determined. 

(87) 2nd. If we find the focus of the parabola by the 
or^ary method, namely, by bisecting the radius of the base 
at A, <brawing the line A D and m^ng A L perpendicular 
to A D, then the point L is the focus of &e parabola, and the 
distance N L is the extra head, A, necessary to play the jet 
horizontally, or the difference between the maximum height 
of the jet and the head upon it at J, H being the actual 
height which the jet attains at D, and H^ the total head at J, 
to produce the parabolic path of the jet. 

(88) 8rd. If, therefore, with the same head, the jet were 
made to play vertically, it would (theoreticaDy) attain the 
height of H^ instead of H. 

(89) 4th. In all cases h bears s certain proportion to H 

and B ; A=:^S_I, thus to play a jet 82 feet horizontally (B), 

8' 
and 16 feet high (H), as in Fig. 21, we shall have A=:t^= 

4 feet, which, added to the height of the jet (16 feet), gives 
20 feet for the total head on the jet. 

(40) 5th. The horizontal distance may be calculated from 

H and ff, for H»— H=A, and y/hxE=:(i B); thus for 
ff=20 and H=16, as in Fig. 21, we have A=20— 16=4 

feet, and the range will be \/4xl6 x 4=32 feek 

(41) 6th. When the jet issues horizontally as in Fig. 18^ 
its path is half a parabola, following the same laws as before^ 

namely, A=F, also A=-^^^ and ^^ =H. 

(42) In some cases the two half parabolas are unequal, as in 
Fig. 24, in which we have a jet 20 feet high at its maximum, 
and delivering at N=15 feet high, uid 24 feet distant hori- 
zontally from the nozzle at J, and we lec^jiksi tci ^4 K=--^^ 
esKtiB headf and to describe the i^a\l;i d. ^It^ \^. ^^xv^ ^^^ 



24 HTDBAULIGS* 

have first to find the centre line dividing the semi-parabolas, 

and to do this we have -izi =:=K\ which in our case 

, 24xv/5 24x2-236 ^ ^ , ,^ ^ 

becomes _ or =8 feet; therefore the* 

V20+V5 4-472+2-236 
distance of the centre line from J will be 24 — 8=16 feet? 

^ '4. I, i. -I t Dx\/H _ 

or it may be found by —zzz =ii-=K; m our case 

24x4*472 
4-472+2236 ~''^^ ^^^^' -^^^ ^® ^^^^^ ^^ *^® *^^ parabolas 
may be found as before, and it will be observed that F and 

fl_6\8 

¥\ are equal, and in our case ^=^^^=3-2 feet, or it may 

be found from the other semi-parabola thus : h -%-=3'2 feet 

as before. The total head at J will therefore be 20+3*2= 
23-2 feet (H*). If we reverse the direction of the jet, placing 
the nozzle at N instead of at J, and with a head of 6+3*2= 
8'2 feet, the path of the jet will be the same as before, but 
the quantity of water discharged will not be the same, but will 
be proportional to the square roots of their respective heads, 
namely, 23*2 and 8-2 feet. 

(43) We have followed, throughout the investigation of the 
path of oblique jets, the theoretical law that the height of 
the jet is equal to the head, and we have done this to prevent 
complicating the matter unnecessarily; but obviously we 
must apply to obHque jets the correction we found necessary 
for perpendicular ones; thus, if we had a jet of ^ inch 
diameter with 80 feet head. Table VII. shows that the 
height attained perpendicularly would be only 60 feet, and 
the path of the jet should be calculated for the latter ; but 
the quantity of water expended, and the value of A, must be 
calculated for 80 feet. 

(44) Oblique jets of great height and range deviate con- 
siderably from the true parabolic path assigned by the rules ; 
the curve becomes, in such cases, like A D E in Fig. 22, the 
true parabolic path being A B C ; but for moderate heights 
and ranges, such as usually occur in practice, the deviation is 

not considerable, * 

{4J) There are many kinds of 0TnasnexAa\.^^\&'^^^^EM21 
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be used with pleasing effect in very sheltered sitnations — the 
interior of conservatories, &c. One of these, called the 
" Convolyulus " from the form of its display, is shown in 
half-size section by Fig. 10. The pressure of a very small 
head of water (2 or 3 feet) raises the valve B and allows 
a thin sheet of water to escape, forming a sheet jet of the form 
given in Fig. 11, and (with the size given by Fig. 10) about 
3 feet diameter, with an expenditure of about 6 gallons of water 
per minute. Kg. 12 is a half-sized section of flie " Dome " or 
" Globe " jet, which produces a display of the form shown by 
Fig. 13, ynih a head of about 1 to 2 feet, the globe being 
about l4 inches diameter, and the expenditure of about 3 
gallons per minute. With a greater head, say 3 or 4 feet, 
the display has the 'form of an umbrella about 21 inches 
diameter, expending about 4 gallons. 

Table XIL— For Ball Jets. 



Diameter of Jet. 




DiAineter of BalL 


4-inch 


= 


1^-inch 


1 » 


= 


ll „ 




= 


H » 


\ „ 


= 


H . 


* » 


= 


8- » 


f „ 


= 


Si „ 


i „ 


= 


4 „ 


1 „ 


= 


H „ 



The basket and ball jet is another pleasing variety. The 
basket is of fancy wire- work, large enough to catch the ball 
when it escapes from the jet of water, and formed so as to 
return it to its place. The ball is formed of light wood (lime- 
tree is the best), well varnished or gilded. There is a certain 
proportion between the size of the ball and the diameter of 
the jet. As an approximation, we may give the following 
rule: ePxl'3 = D', in which rf = the diameter of the jet in 
4th of an inch, and D=the diameter of the ball in inches. 
Table XII. has been calculated by this rule ; they are not 
often made larger than |-inch jet and 3i-inch ball. 

Weira, — (46) Fig. 7 shows a weir arranged for the purpose 
of gauging experimentally the quantity of water passing down 
the stream. A is a plate of thin iron with a notch cut out of it, 
wide enough by estimation to carry tlDL<a\^%i\.^T^m&L%iTfiLQS^^^ 
depth of overfall j this is BcreweA to a ig\M^'&, Vi ^Xaaa^"^^ 
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requisite stifi&iess to th^ plate, and the whole is fixed in the 
stream as shown. A stake with a flat and leyeL head is drirea 
into the bed of the stream, as at C, to sndi a depth that the 
top is exactly level with the lip of the weir, and the deptli o£ 
water flowing oyer is measured bj a common role held on its 
smnmit. The proper distance of the stake from the weir 
depends on the quantity of water to ba dedit with;-^in small 
weirs it may be firom 2 to 3 feet, in yery large ones 20 to 25. 
feet. The object is to place it far enough away to avcnd the 
depression winch the water suffers, as shown by Fig. 7, and 
to obtain the head from the true leyel of the water. Foi 
heads thus measured the formula may be dxV^x 2*67=0, 
in which d is the depth flowing oyer in inches, and G the 
gallons discharged per inch of width of weir. Table XIEI. ia 
calculated by this rule. To find the discharge of a weir, say^ 
5 feet wide, with 3f-inch overfall, we have only to multiply 
the gallons per inch found in the table by the width in inches ; 
in our case 18-42 x 60=1105*2 gallons. 

(47) The table also applies to rectangular apertures dis- 
charging under a gtvea pressure, as at Fig, 82, for the dis- 
charge in such a case is the difference between two weirs, 
A B C D and A E F D; say the head to the top of the 
aperture (A B) was 16^ inches, and to the bottom (A E) 
22 inches, and that the width (E F) was 20 inches, then by 
table 22 inches = 275*5 gallons per inch, and 16^ inches 
=179*0 gallons; the difference is therefore 275*5— 179;0 
=96*5, and the discharge 96*5 x 20=1930 gallons. 

(48) Similarly we may determine the discharge of round 
apertures, or approximately of any regular figures, which will 
not differ sensibly from that found for a circumscribing rec- 
tangular opening, reduction being made for tiie true area of 
the ^guiQ whose discharge is required. Thus, say we required 
the discharge of a circular aperture 12 inches ^ameter, the 
head measured from the upper edge of the orifice being 14 
inches, therefore 26 inches above the lower edge. Here we 
have 354-0— 139-8 = 214*2 gallons per indi wide. If the 
aperture were rectangular, it would therefore discharge^ 
214-2x12 = 2570-4 gallons, but being circular, its area is 
*7854, that of a circumscribing rectangle, and the true dis-* 
charge is 2570-4 x •7854=1808-8 gallons. 
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Table XTTT. — Table of the Discharge of Water over Weirs, one 
inch \?ide, in Gallons per Minute. 



a 


1 


i 


id 

pi! 

d 

o 


A 


s 




1 


■| 


td 


1 


1 


Inclt 




Inth. 




IdcU. 




Twh, 




iHCh. 




IncH. 




i 


1 "3338 


4* 


33-37 


10 


84-43 


33 


506-1 


6i 


1367 


95 


3472 


t 


'&132 


4: 


23-39 


l^ 


90'S4 


34 


629*3 


69 


1399 


96 


2S12 


? 


*9iH 


4. 


34'38 


11 


97-41 


35 


552-8 


66 


1432 


97 


3551 




1339 


4.. 


25-49 


iij 


104^ 


36 


5767 


67 


1464 


98 


3590 


1-734 


i ■ 


26-56 


12 


111^0 


; 37 


600-9 


68 


1497 


99 


2630 


f 


2^185 


4 


37'64 


12* 


IIS'O 


38 


025-4 


69 


1531 


100 


3670 


1 


3-670 


4. 


28-74 


13 


125-1 


39 


650^4 


70 


1564 


101 


2711 


H 


3-185 


5 


29-S5 


13i 


133-5 


40 


675-5, 


71 


1597 


jl02 


3751 


i| 


3-818 


H 


30-97 


U 


139-S , 


41 


700-9 1 


72 


1631 


103 


3791 


If 


4-305 


H 


32-13 


Hi 


147*4 


42 


726-7 


73 


1665 


104 


3825 


H 


4-905 


H 


33-26 


is' 


lo5a 


43 


753-9 1 


74 


1700 


105 


2873 


if 


5-531 


4 


34^44 


15* 


163-0 


44 


779-3 i 


76 


1734 


106 


3914 


1| 


6-167 


H 


35-62 


16 


170^9 


45 


806*0 


76 


1769 


107 


3955 


H 


6-855 


5J 


36-85 , 


16* 


179^0 


46 


832*8 


77 


1804 


108 


2997 


3 


7-55^ 


H 


38-02 


ir 


1S7'1 


47 


860*3 


78 


1839 


109 


3039 


H 


8-371 





39-24 , 


m 


195-5 


48 


887-9 


79 


1S75 


110 


3080 


ai 


9-011 


H 


41-72 


18 


203-9 


49 


915-8 


80 


1910 


111 


3122 


H 


9-773 


6 


4435 


19 


32M 


50 


944-0 


81 


1946 


;112 


3165 


H 


10-55 


6* 


46-82 


20 


233-8 


51 


972*4 


82 


19S3 


Ill3 


3207 


2| 


11-36 




49 45 


21 


25C'9 


52 


1001 


S3 


2019 


|114 


3250 


2i 


13^8 


7- ' 


53-12 


23 


275-5 


S3 


1030 


84 20561 


115 


3293 


13-03 


7- 


54^84 


33 


294-4 


54 


1060^ 


85 


3093 


116 


3336 


3 


13-87 


7- 


57*01 


34 


313-9 


55 


1089 1 


S6 


3130 


117 


3379 


3* 


1475 




60-41 i 


35 


333^8 


56 


1119 


87 


2162 


118 


3422 


3i 


15^64 


Si 


63-54, 


3« 


354-0 


57 


1149 


88 


3204 


119 


3466 


H 


10^55 1 


H 


66-17 


37 


374^G 


68 


1179 


89 


2342 


120 


3510 


H 


17^48 


8J 


69-11 


28 


395-6 


59 


1210 


90 


2280 






3| 


18-4^ 


9 


72-09 


89 


417-0 


60 


1241 


91 


2318 






SJ 


19-39 


9* 


7612 


30 


438-7 


01 


1372 


92 


2356 






3| 


30^37 


H 


78-13 , 


31 


460-3 


62 


1304 


93 


2395 






4 


31^36 


9| 31'29 


U 


483-3 


63 


1335 


94 


2433 


1 
1 
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Table XIV. — Of the Velocities in Feet per Second, due to given 

Heads. 



Head 
in 


A. 


B. 


C. 


D. 1 


Head 
in 


A. 


B. 


C. 


D. 


Inches 


Coef. 1-0 


Coef. -96 


Ooef.-86 


Coef. -ess 


Inches 


Coef. 10 


Ck)ef.-96 


Coef. -86 


Coef. -636 


A 


•29 


•2784 


•2494 


•18415 


1 


2-317 


2-2224 


1-9930 


1-4713 


S 


•41 


•3936 


-3524 


•2603 


li 


2-590 


2-4864 


2-2270 


1-6446 


tV 


•58 


•5568 


-4988 


-3683 


I 


2-837 


2-7235 


2-4398 


1-8015 


i 


•82 


•7872 


•7052 


-5207 


1 


3-065 


2-9424 


2-6360 


1-9463 


A 


ro 


•9600 


•8600 


•6850 


2 


3-276 


3-145 


2-8174 


2-0803 


i 


M58 


11117 


-9959 


•7353 


H 


3-475 


3-336 


2-9885 


2-2066 


A 


1^295 


^2432 


1-1140 


•8223 


H 


3-663 


3-516 


3-1502 


2-3260 


t 


1-418 


1-3613 


1^2195 


•9004 


2| 


3^842 


3-688 


3-3041 


2-4397 


"^ 


1-532 


1-4707 


1-3175 


•9728 


3 


4-012 


3-851 


3-4503 


2-5476 


• i 


1-638 


1-5725 


1-4087 


1-0401 


H 


4'176 


4-009 


3^5914 


2-6517 




1-737 


1-6675 


r4938 


1-1030 


3 


4-334 


4-161 


3-7272 


2-7521 


■l 


1-831 


1-7577 


1-5747 


1-1627 


3| 


4-486 


4-306 


3-8580 


2-8486 


ii 


1-921 


1-8442 


1-652 


1-2198 


4 


4-633 


4-448 


3-9844 


2-9420 


f 


2-006 


1-9258 


1-725 


1-2738 


4i 


4-914 


4-717 


4-2260 


3-1204 


i^ 


2:088 


2-0045 


1^796 


1-3259 


5 


5-180 


4-973 


4-455 


3-2893 


i 


2-167 


2-0803 


1-863 


1-376 


6 


5-675 


5-448 


4-881 


3-6036 


« 


2-243 


2-1533 


1-929 


1-424 













(49) If the discharging orifice is not a thin plate, the 
discharge will vary within certain limits from that given by 
our table. If, for instance, the crest were 2 or 3 inches 
thick, it might be expected that the discharge would be 
reduced by the extra friction, and for thin currents this 
would no doubt be the case; but, on the other hand, the 
effect of a thick lip is to diminish the vena-contracta, and 
thereby increase the discharge (3), and this will be more 
influential in deep overflows than in shallow ones. The 
experiments that have been made on this subject are so 
discordant among themselves, that we cannot make use of 
them satisfactorily. One set of experiments gives a coefficient 
of -723 as a mean of thirty experiments on a weir 10 feet 
long and 2 inches thick ; while another set of eleven experi- 
ments by the same authority, and with a weir precisely 
similar, gives a mean of -557 only. Our Table XIII. is 
calculated with a coefficient of -667. 

(50) We have so far supposed that the head has been mea- 
sored from still water, or that the chamiel Yraa of very large 

srea in proportion to the discliaTgmg ox^fiLCfc^. 'Wasft^ ^'ji 
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channel is of small area the water will have a sensible velocity, 
and if this is considerable, it will increase the discharge, and 
correction must be made for it by adding to the measured head 
that due to the observed velocity of approach. Table XIV. 
gives the head due to a range of velocities, such as are likely 
to be met with in ordinary practice. Column A gives the 
theoretical velocity, which woiQd never be attained except with 
orifices having the form of the vena-contracta, and measured at 
the smallest part. The other colunms are calculated for the 
coefficients given by Eytelwein. B applies to very wide 
openings whose bottom is on a level with that of the reser- 
voirs, to sluices with bottom and side walls in a line with the 
orifice, and to bridges with pointed piers. C applies to 
narrow openings whose bottom is on a level with that of the 
reservoirs, also to smaller sluices with side walls, and to 
abrupt projections generally, square piers of bridges, &c. ; and 
D applies to openings in sluices without side walls, and with 
bottom not at same level. Thus, in our case of a weir with 
8f inches overfall, if the velocity of approach had been 9 
inches, or -75 of a foot per second, we find that the head due 
to that velocity in column B=^ inch, and the head on the weir 
becomes 3|, and the discharge 19-39x60 = 1163-4 gallons 
instead of 1105*2, as we found it for still water. But in 
making this correction the mean velocity should be taken, 
not the maximum central surface velocity (53). 

(51) These rules for weirs apply also with approximate 
correctness to an overflow pipe to a tank, as per Fig. 26, 
which may be taken as a circular weir, and the discharge 
calculated by Table XIII., taking the circumference of the 
lip of the trumpet-mouth as the length of the weir. Or it 
may be calculated direct by the formulaB Dx\/DxcZx8-4 
G 



= G, and — — ~ =; = c?, and\J-_Ji-_ = \/D, in which d 

8.4xDx\/D ' ^8'4Lxd ' 

= the diameter of trumpet-mouth in inches, and D ^ depth 

of water over the lip (measured from still water) in inches, 

and G = gallons discharged per minute. Table XV. has 

been calculated by this rule. The size of the overflow pipe 

must be determined by the ordinary rules, or by Tables II. 

and III. It will be found that the discharge is governed 

principally by the head due to velocity. For tanks 3 f-aefe 

deep, and with overflow pipe oi t\ie EWikft\Ba^Qsi>^'^ii^^^^^* 
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giyes the maxinnmi discharge. For greater lengths with 
vertical pipes it will be a little greater, but not very much, 
because tiie frictioa from the increased length of pipe absorbs 
the bead in the aame proportion. Say we had to provide 

Tablb XYL — Of the Mayinrnm Discharge of Vertical Pipes 
3 Feet long. 



Maximum IMs- 


Diameter of Pipe charae of GhUlons 


inlnchea. | perMinnte. 


1 


19 


1* 


45 


2 


88 


2* 


145 


3 


220 


3J 


303 


4 


400 


5 


630 


6 


920 


7 


1300 



for 400 gallons per minute, Table XVI. shows that 4 
inches is the smallest size of pipe admissible, and allowing 
2i inches for overflow, Table XV. gives 12 inches for the 
diameter of trumpet-mouth. We most also make some 
allowance for contingencies, and in such a case the lip 
of the trumpet-mouth must not be less than 3 inches below 
the top of we tank, and 3 inches is practicallj lost in the 
useful depth of the tank. 

(52) Fig. 27 shows a ample contrivance of the late Mr. 
Appold, by which this loss may be avoided, and the water 
level not allowed to rise more than about one-eighth of an 
inch above the top of the trumpet-mouth, even when the 
descending pipe is discharging full bore. £ is a spherical or 
dished cover of sheet iron or copper, &c., supported on four 
brackets, G C, cast on the pipe, so that its lower Up, D, is at 
the same level as the lip of the trumpet-mouth. When the 
water rises to that level, it does not immediately flow over 
when the lip is dry, but rises perhaps one-tenth of an inch 
above it, and then suddenly overflows, and running down 
creates a partial vacuum under the cover ^ c&\m^i^^^^«^]^ 
to me there above the level oi t\ie yraWt m ^QQfc\«^^Sssi% 
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the pipe full bore. The air under the coyer is swallowed up 
by the rush of water, and the maximum quantity which the 
pipe can carry is delivered ; and this continues till the water, 
being drawn down below the lip of the cover D, air enters, 
and the action suddenly ceases, to be again repeated should 
the water rise. It is usual to construct these pipes so as to 
serve as a wash-out valve, the joint at the bottom being 
turned and bored so as to be a water-tight valve. 

Table XVII. — For open Channels, Canals, and Eivers, giving 
the Mean Velocity throughout the Section, correspond- 
ing to observed Central Surface Velocities. 



Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


1 


' -84 


26 


21-84 


51 


42-84 


76 


63-84 


2 


1-68 


27 


22-68 


52 


43-68 


11 


64-68 


3 


2-52 


28 


23-52 


53 


44-52 


78 


65-52 


4 


3-36 


29 


24-36 


54 


45-36 


79 


66-36 


5 


4-2 


30 


25-2 


55 


46-20 


80 


67-2 


6 


5-04 


31 


26-06 


56 


47-04 


81 


68-04 


7 


5-88 


32 


26-88 


57 


47-88 


82 


68-88 


8 


6-72 


33 


27-72 


58 


48-72 


83 


69-72 


9 


7-56 


34 


28-56 


59 


49-56 


84 


70-56 


10 


8-4 


35 


29-4 


60 


50-4 


85 


71-40 


11 


9-24 


36 


30-24 


61 


51-24 


86 


72-24 


12 


10-08 


37 


31-08 


62 


52-12 


87 


73-08 


13 


10-92 


38 


31-92 


63 


52-92 


88 


73-92 


14 


11-76 


39 


32-76 


64 


53-76 


89 


74-76 


15 


12-60 


40 


33-6 


65 


54-6 


90 


75-6 


16 


13-44 


41 


34-44 


66 


55-44 


91 


76-44 


17 


14-28 


42 


35-28 


67 


56-28 


92 


77-28 


18 


15-12 


43 


36-12 


68 


57-12 


93 


78-12 


19 


15-96 


44 


36-96 


69 


57-96 


94 


78-96 


20 


16-8 


45 


37-8 


70 


58-8 


95 


79-80 


21 


17-64 


46 


38-64 


71 


59-68 


96 


80-64 


22 


18-48 


47 


39-48 


72 


60-48 


97 


81-48 


23 


19-32 


48 


40-32 


73 


61-32 


98 


82-32 


24 


20-16 


49 


41-16 


74 


62-16 


99 


83-16 


25 


21-0 


50 


42-0 


75 


63-00 


100 


84-00 



Canals and Water-courses, — (53) When water flows in 

open channeh we may find the discharge by observing the 

velocity of the current, and calculating m\k ^-eX. «jA t\\ft 
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known area of the section. But for this purpose we require 
the mean velocity throughout the section^ which is not given by 
observation. The velocity varies, being a maximum in the 
centre, and at the surface in most cases, diminishing from 
thence to the banks at either side and to the bottom, where it 
is a minimum. The best experiments we have, give the mean 
velocity throughout the section at 83 per cent, of the max- 
imum central surface velocity, which is usually the velocity 
observed, and is easily obtained by a float on the surface of 
the stream. Table XVII. gives the mean velocity by this 
rule. Thus if a channel, whose area is 24 square feet, has 
by observation a central surface velocity of 35 feet per minute, 
the mean velocity by table is 29*4 feet, and the discharge 
will be 29-4'x 24 = 705-6 cubic feet, or 705-6 x 6-23 = 4396 
gallons. 

(54) The quantity of water discharged by a river or any 
open channel may also be determined by calculation when we 
^ow the fall in a given distance, and have a cross section of 
the stream. There are many formulaB by which this may be 
done. Eytelwein's is V = •91\/F x R, in which V=:the mean 
velocity throughout the whole of the cross sectional area in 
inches per second ; F = the fall in two miles in inches ; and 
B = the hydraulic radius or hydraulic mean depth, also in 
inches. 

{^5>) R is found by dividing the cross sectional area of the 
stream in square inches, by the border or wetted perimeter in 
inches. Thus, in Fig. 14, the area is 72 x 30=2160 square- 
inches, and the wetted border being 72+30+30=132 inches, 

the hydraulic radius is "Too""!^*^^ inches. But for large 

areas, to which this rule is usually applied, it is more con- 
venient to take the hydraulic radius in feet, which may be 
done by taking the measurements in feet. Thus, in the last 
example (Fig. 14), the area being 15 square feet and the 

border 11 feet, we have the hydraulic radius jj =1-363 feet. 

Say we required the velocity of such a channel with a fall of 
10 inches per mile (or 20 inches in 2 miles), then by Eytel- 
wein's rule we have \/20 x 16-36 X -91=16-46 inches per 
second, or 1-372 feet; and from this we get the dkchax^^i. o^ 
the chaimeJ, whose area is 15 feet, at V^l'i'A^^y.^^^V^'^^'^ 
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cubic feet, or 7693 gallons per minute. To find the fall to give 

any required velocity, we have — g— = F. Table X VIEL 

has been calculated by the formula V = '2WF R, and gives the 
velocity due to a given hydraulic radius and fall, or the fall 
necessary to produce any required velocity with a given 
hydraulic radius. 

(56) Thus for the case, Fig. 14, the hydraulic radius is, 
as we have seen, 1*363 feet, which may be estimated from 
Table XVIII. to be 83 feet per minute, the velocity of dis- 
charge, and which we found by the rule to be 1*372 feet per 
second = 82*32 feet per minute. 

Table XIX. — For the Discharge of Canals, Rivers, &c. 



Mean 




Mean 




Velocity in 




Velocity in 




feet per 


B.S. 


feet per 


B.S. 


Seoond. 




Second. 




•025 


*0000006734 


•6 


•00005466 


-OS 


*000001489 


•65 


•00006284 


*075 


•00000244 


•7 


•00007158 


•1 


•000003538 


•75 


•00008197 


•125 


•000004771 


•8 


•00009183 


•15 


•000006155 


•85 


•00010113 


*175 


•000007656 


•9 


•0001121 


*2 


•000009307 


•95 


•0001236 


*225 


•0000111 


1^0 


-0001367 


•25 


•00001303 


1-1 


•00016146 


•275 


•00001510 


1-2 


•0001895 


•3 


•00001730 


1-3 


•00022096 


•325 


•00001966 


1-4 


•0002535 


•35 


00002214 


1-5 


•00028703 


•375 


•00002477 


1-6 


•00032402 


•4 


•00002753 


1-7 


•0003644 


•425 


•000030753 


rs 


•0004047 


•45 


•000033484 


1-9 


•000453 


•475 


•00003666 


2^0 


•0004943 


•5 


•00004000 


2-5 


•000757 


•55 


•00004705 


3^0 


001083 



(57) Again, say we require to determine the fall necessary 
la the same channel 100 yards long to dVa^^'wc^^ ^QWi ^ohift 
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feet per minute. The area of the channel being 15 square feet, 
the velocity of discharge must obyiously be-Yr =200 feet per 

minute. Then, the hydraulic mean radius being 1*363) we 
have to look in the table between the nearest numbers in the 
table (1-3 and 1*4) for the 200, the required velocity, which 
we find to be given by 5 feet per mile, or •0341 inches per 
yard, and for our case -0341 x 100=3-41 inches fall. 

(58) Take another case shown by Fig. 15 of an open cutting 
with sloping bank, and say that we have to determine the dis- 
charge with a fall of S inches per mile. First we have the area 

30-1-20 

— ? — X 2-5 = 62'5 square feet, and the wetted perimeter 

62-5 
being 5-6+20-|-5-6 = 31*2, we get the hydraulic radius oT:^ 

=2 feet, which, per Table XVIII., with a fall of 8 inches per 
mile, will have a velocity of 89*2 feet per minute, and a 
discharge of 89*2x62*5=5575 cubic feet, or 34732 gallons 
per minute. 

Table XX.— Of the Calculated Velocities of Discharge by 
Channel, Fig. 15. 













Vfllocitj Error of 1 










Meao VetadtT by 
Tabid XIX 


by Tabla 

xvm 


Tflt3\0 

SIVIIL 


Foil in 

pATMlJ^ 


H, 


a. 


B.a 








Fast per 
S«co&iL 


Fflfit per 


Feet per 
Min, 


Per Cant 


1 


2 


'0000168 


0000316 


,4375 


26-25 


317 


20-7 


a 


2 


■OOOOaiG 


0000G32 


'65 


39 


un 


li'3 


3 


2 


■OOOOiTl 


000094S 


*S3 


40-3 


55-0 


11-8 


4 


2 


mooim 


■000120^ 


m 


57-6 


62-4 


S'3 


6 


2 


■000094S 


^000189 fi 


1^2 


72^0 


77-S 


8-05 


8 


2 


•OfJ012G4 


■00025 3B 


1-38 


82'8 


89'2 


7-7 


10 


2 


;00015S0 


0003160 


1-56 


93*6 


100*4 


7-3 


12 


2 


•0O01S96 


'0003793 


1*76 


105^0 


1110 


6'Q 


24 


2 


^ommn 


'00O7584 


iiS 


150^0 


136-0 


4-0 



(59) Table XVIII. gives a ready solution of ordinary 
cases, but for yery low velocities there is a considerable 
error. Prony, Saint Tenant, and Eytelwein^ hfl.y^ ^^ss. 
roles which give more correct ift^xita lot ^^^^ ^"aswa.. ^^^^os. 

d2 
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a comparison of these three rules, with ninety-six expe- 
riments on the discharge of canals and rivers hj several 
experimenters, we find that Eytelwein's rule agrees best with 
thirty-eight experiments, Saint Venant with thirty-two, and 
Prony with twenty-six. Eytelwein*s formula may take the 

i. 11 . i. (V-t--1089)«— 0118858 ^ ^ . , . , _ 
followmg form : — -^^ — ' g^^^ = R S, m which V 

= the velocity in feet per second, R = the hydraulic radius in 

area H 

feet or , ^ , , and S = the slope, or y-. Table XIX. has 

been calculated by this rule. Say we have to determine the 
mean velocity in the channel shown by Fig. 15 with a fall of 
only 1 inch per mile. The value of R we found before (68) 

to be 2, and S for our present case is lygQy og = '0000158. 

Therefore R S = -0000316, which by Table XIX. is found 
intermediate between the velocities *425 and 45, say -4375 
feet per second, or 26*25 feet per minute, instead of 31-7 feet, 
as in Table XVHI. But for a fall of 12 inches per mile, 
the difference is only about 6 per cent. Table XX., which 
gives the calculated velocities with dijBFerent falls by Tables 
XVIII. and XIX. with the channel. Fig. 15, will enable the 
engineer to determine which table to use in any particular 
case. The Table XYIII. is correct enough for practice in 
most cases, with falls over 8 inches per mile. 

(60) It must not be overlooked that these rules, tables, and 
calculations, give the head due to friction only, and do not 
include the head due to velocity. Thus in (57) we had a 
mean velocity of 200 feet per minute, or 3-33 feet per second, 
which by Table XVII. is equal to 4 feet maximum surface 
velocity, and to obtain that velocity, irrespective of friction, we 
shall require by Table XIV. (column B) a head of 3^ inches ; 
the total head is therefore 3-41-|- 3*25 = 6*66 inches, and in 
this case the head for velocity is nearly equal to that due to 
friction. Again in (68), we found a mean velocity of 89*2 feet 
per minute, or say 1-5 feet per second, which is equal to 1*8 
maximum surface velocity, and to f inch head only, so that 
if the channel were two miles long, with 16 inches fall, the 
loss of i inch would have no sensible effect on the discharge, 
buf if the channel were ^th of a mile long, the head allowed 
/or it would only be 1 inch, and tte loss oi % inda. "vwi\di\iw^ 
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a serious effect. With rery short channels, whose discharge 
is sought, the best coarse is to assume a fall somewhat les& 
than the fall given, and calculate as in (57), adding the head 
for velocity as above, and by trial and error, approximate to 
the true discharge. Thus in the case (58), say the channel 
were ^th of a mile long ; instead of 8 inches, let us assume a 
fall of say 5 inches per mile, then, with the known hydraulic 
radius 2, we have by Table XVIII., a mean velocity of 71 
feet per minute, or 1-2 feet per second, or by Table XVII., 
1-4 feet maximum, which by Table XIV. = f inch head. 
The fall of 5 inches per mile is equal to | inch for ^th of a 
mile, and the head for velocity being f we have a total of 

1 + f = 1 inch, or 8 inches per mile, the given head. The 
velocity of discharge with a channel ^th of a mile long. Fig. 15, 
is therefore 71 feet per second, instead of 89*2 feet as for a 
very long channel, say 2 or 3 miles long. 

(61) Openings in Bridges, S^c, — The head lost by a stream 
in passing through bridges is sJmost wholly that due to velocity 
alone, the length of the contracted channel being in most cases so 
short, as to have little influence on the discharge. The head 
may be estimated by Table XIV. ; say we take the case (58) 
of a stream. Fig. 15, discharging 5575 cubic feet per minute, 
and passing through a bridge 8 feet wide, and 3 feet deep. 
The area being 3 x 8 = 24 feet, the velocity must be 

Q^ gQ =3-87 feet per second, which, with pointed piers, 

would require by Table XIV., column B, 3 inches head ; but 
we have seen (60), that the stream approaches with a velocity 
due to I inch head, the head at the bridge is therefore 
3 — I = 2f inches. With square headed piers (column C), we 
have 4 inches head, or at the bridge, 4 — f = 3f inches head. 

(62) Submerged Openings, — The discharge by a submerged 
orifice, may be calculated by Table XIV. ; thus an opening 

2 feet X 3 feet, or 6 square feet area, in a sluice gate, &c., 
with a difference of 5 inches water level on its two sides, would 
discharge (column D) 6 x 3*2893 = 19*7 cubic feet per second. 
With 4 feet head, by Tables X. or XL, the theoretical velocity 
is 16 feet per second, and the discharge would be 6 x 16 x '635 
= 60*96 cubic feet per second. 
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NOTE TO TABLES III. & V. 

BuHed Pipes. — The tables and rules for pipes, are adapted 
only to clean and even surfaces ; but some waters, especially 
those from the granite formation, contain a great deal of 
oxygen, which rapidly decomposes iron, forming rust, which 
is deposited, not in an even surface, but in nodules or 
carbuncles. These retard the flow, not so much by the 
reduction of diameter, as by the alteration of the character of 
the surface. A notable case of this kind occurred at Torquay, 
where a pipe 14 miles loug, composed of 14,267 yards of 
lO-inch, 10,085 yards of 9-inch, and 170 yards of 8-inch 
pipe, delivered only 317*4 gallons with 465 feet head. We 
may calculate the discharge as in (15), assuming 100 gallons, 
we have by Table III. 

10 inch, -00041115 X 14267 = 5-869 feet. 
9 „ -000697 X 10085 = 7029 „ 
8 „ -001256 X 170= 213 „ 



or 



13-111 feet head, 
and the discharge with the real head is \/ 465 x IQQ 

""vii^fr" 

21-564 X 100 

Q.g2j^ — =595 gallons. The experimental discharge 

was therefore only 53 per cent, of the calculated, or in 
round numbers, the discharge was that due to ith of the 
head, so that Jths of the head was lost in undue friction. An 
ingenious scraper suggested by the late Mr. Appold, and 
worked by the pressure of the water, was passed through 
these pipes, and subsequently an improved one, by 
W. Troude, Esq., was used, with remarkably good results, 
the discbarge being increased to 564 gallons, or within 
5 per cent, of the calculated quantity. Dr. Angus Smith's 
process, by which pipes are coated all over with a black 
enamel, seems to be an effective remedy ; such pipes have 
been used with Torquay water for years, without the 
slightest effect. The process is very cheap, being only 
about 5s, per ton for medium pipes ; it can be effectually 
done only in the process of casting, while the pipes are 
new and hot. Witn such a smooth surface, the discharging 
power must be increased in a much higher ratio than the 
eos^, so that such pipes must reaily "be moT^ ecoviomical 
^^an any otbery and they should "be uae^m all ca^^^. 
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APPENDIX. 



On the Strength op "Water-Pipes. 

(1) Barlow's rule for the strength of pipes to resist an 

KxP 

internal pressure is ^zTp— T, in which S = the cohesive 

strength of the metal, which for cast iron may he taken at 
7*142 tons, or 16,000 pounds per square inch; P = the in- 
ternal pressure per square inch, in the same terms as S — ^that 
is to say, if S be in tons, P will be in tons also, &c. ; E =the 
radius of the inside of the pipe in inches ; and T =the thick- 

f *T • I, 1 ^xT_- ,(E+T)xP ^ 
ness of metal m mches ; also xtirr ^> *^^ ~^ ~ S. 

These rules are based on the fact, that when a pipe is 
subjected to internal pressure, the whole section of the metal 
is not strained to the same extent, but that the strain is 
greatest near the centre, and diminishes with the distance 
therefrom. To illustrate this fact, take a pipe 10 inches 
diameter inside, and 20 inches outside, as per Fig. 1, and 
let an internal pressure be exerted until the inside diameter 
is extended from 10 inches to 10|^ inches, as in Fig. 2. 

Pig. L Fig. 2. 
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Now, if the metal at A were strained in the same proportion 
as at B, it would also be extended or stretched in the same 
proportion, and 20 inches would become 20^ inches. But 
obviously the sectional area must be the same in all cases, 
and the area of 10 inches being 78-54, and of 20 inches 
= 314-16, we have 314-16 - 78-54 = 235-62 for the area of 
the metal in Fig. 1 ; and the outside diameter in Fig. 2 
must be found by adding the area of 10^ inches (or 80-517) 
to 235-62, and we have 80-517+235-62 = 316*1357, the area 
due to which is '2,0^, the diameter at A, instead of 20^, as 
it should have been if the metal liad been strained to the 
same extent as at B. It will be seen from this that the 
extension varies as the square of the distance from the 

centre, for ^^ =: ^^ as we have found it. 

(2) The extension of cast iron is not exactly proportional 
to the strain; the relations are given by the formulae 

^ = CoOOofo3xL +«^-^0-8-01>and E = (000165x 

W)+(0000103 X W) X L, in which 

W = the strain on a bar, in tons per square inch ; 

L = the length of the bar in inches ; 

E = the extension in inches. 
Applying this to the case of a thick pipe, as in Fig. 3, we 

Fig. 8. 

D 
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will assume the cohesive strength of cast iron at 7 tons per 
square inch, breaking weight. This is the strain on the 
inside filament of metal at the moment of rupture, and the 
extension for a length of 1 (which, as we want only pro- 
portional numbers, will answer our purpose) will be (-000165 
X 7)+(-0000103 X 7*) = -0016597. Then the extension, 6 

inches from the centre, will be ^ =-00115257, 

and the strain due to that by formula is equal to 

0000103 "^ ^^'^^J "" ^'^^ = ^'^^ ^^^ V^^ square inch, 

and thus has been calculated column C in Fig. 3. Then the 

mean strain upon each ring is evidently the average of the 

strain at its internal and external periphery. . Thus the 

7_i_5'26 
mean strain on the first ring is —^^ — =6*13 tons, and 

column D in Fig. 3 has been thus obtained. 

(3) The bursting pressure of a 10-inch pipe, 1 inch 

6*13x2 
thick, will therefore be — jx — =1-226 tons per square 

. 6-13-I-4-675 
inch ; for 2 inches thick the mean strain is ^ 

=5-4025, and the bursting pressure rr: =2-61 tons 

per square inch. Table I. gives the strength of a 10-inch 
pipe calculated on these principles. It will be observed, that 
in every case rupture takes place first at the inside filament 
of metal, the rest following instantaneously. With a thick- 
ness of 10 inches, ihe outside metal is strained only to 1-05 
tons, while the inside is breaking with 7 tons. 

(4) The cylinders of hydraulic presses are commonly 
made with a liiickness equal to the radius of the bore, and 
are supposed to be capable of working safely with 3 tons per 

circular inch, or - „^- =S'S2 tons per square inch; but 

Table L shows that with such proportions a cylinder would 
burst with a little less tiian 4 tons per square inch, and 
should certainly not have more than about 2 tons as a 
permanent load; and, indeed, in practice this is seldom 
exceeded. The safety valve may indicate 3 tons ^«.r <ik<i»Xax. 
inch, but, as usually constmctei, a ^«i^\.^ ^ti\^j«^ \s» vw ^'bc^ 
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uncertain indicator of pressure, and the application of a 
correct pressure gauge generally shows that the real pressure 
is much less than the reputed. In the presses used for 
raising the Britannia Bridge, half the weight of the tube, or 
700 tons, was raised by one 20-inch ram, and the pressure 

was therefore •^=1-75 tons per circular inch, or 0^7 =2*23 

tons per square inch. 

(5) With comparatiyely thin pipes, such as are commonly 
used for water, and with moderate pressutes, we have to 
consider not only the thickness necessary to bear the pressure, 
but also the least thickness with which it is possible to cast 
them. Great care is taken to keep the core central, but it is 
seldom perfectly so, a pipe which is intended to be J-inch 
thick being frequently fths at one side and |ths at the 
other, and of course the least thickness is the measure of the 
strength of the pipe. In thin pipes the determination of the 
thickness becomes a practical question. "We may give, as an 

/v^D \ /HxB\ 

empirical rule, t = V"~TQ+'15y + \ 05000 ^^^ which D = the 

diameter of the pipe in inches, H = the head of water in feet, 
and i = the thickness in inches. Table' 11. has been caU 
culated by this rule. The thicknesses in the second columli 
are suitable only for gas-pipes, &c., where the pressures are 
very small. 

(6) The joints of water-pipes are usually made with 
sockets and spigots run with melted lead, and this is the best 
mode. Such pipes are easy to cast, and consequently cheap ; 
the joints are more easily made than with flanges, &c. ; and 
they admit a considerable departure from the strictly straight 
line, which is sometimes very convenient. The proportions of 
the sockets, &c., vary slightly with different makers. Table 
III. gives some useful particulars,' average weights of stock 
pipes, &c. 

(7) Flange pipes are not very often used for water, for 
the reasons given above; but they are convenient for tem- 
porary purposes, where the joints have to be frequently 
broken. Table IV. gives the best proportions for the flanges, 
bolts, &c., which will be found to differ considerably from 
those by many makers. The flanges of cast iron pipes are 

commonly made excessively large ia d\amftt«r^ wid very light 
m metal. 
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Table I. — Of the Strength of 10-inch Cast Iron Pipe. 



Thickness of 
Metal. 


Strain on the Metal in Tons per Square Inch, 


Bursting 
Pressure In 

Tons per 
Square Inch. 




Minimtun. 


Mean. 


1 inch 
2 
3 
4 
6 
6 
7 
8 
9 
10 


70 
7-0 
7-0 
7-0 
70 
7-0 
7-0 
7-0 
70 
7-0 


5-26 
4-09 
3-26 
2-65 
2-20 
1-85 
1-60 
1-37 
1-19 
1-05 


6-13 

6-4025 

4-827 

4-359 

3-972 

3-6475 

3-373 

3137 

2-9306 

2-7496 


1-226 
2-161 
2-896 
3-485 
3-972 
4-337 
4-722 
6019 
6-276 
6-499 



Tablb IL — Of the Thickness of Cast Iron Pipes, to bear 
safely different Pressures of Water. 



Diameter 


Head of Water in Peet. 


For Gas 

&0. 


100 


250 


500 


760 


1000 


Thickness in Inches. 


1* 


•27 


-28 


•29 


•30 


•31 


-33 


2 


•29 


•3 


-31 


•33 


•35 


•37 


H 


•3 


-31 


•33 


•35 


•37 


•41 


3 


-32 


•33 


•35 


•38 


•41 


•44 


4 


-35 


•37 


•39 


•43 


•47 


-51 


6 


-37 


•39 


•42 


-47 


•52 


•57 


6 


•39 


•42 


•45 


•51 


•57 


•63 


7 


-41 


•44 


•48 


•65 


-62 


•69 


8 


•43 


•46 


•61 


•59 


•67 


•76 


9 


-45 


-48 


-63 


-63 


•72 


•81 


10 


-46 


-50 


-66 


•66 


•76 


•86 


12 


•49 


-64 


•61 


•73 


-86 


-97 


16 


-53 


-69 


•68 


-83 


•98 


1-13 


18 


•57 


-64 


•76 


•93 


1-11 


1-29 


21 


•6 


•69 


•81 


1-02 


1-23 


1-44 


24 


•64 


-73 


•88 


112 


1-36 


1-60 


30 


•69 


•81 


100 


129 


1-59 


1-89 


f 


•-75 


-89 


111 


1-47 


183 


2^19 
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